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This invention relates to an improved con 
touring or profile tracer for use in connec 
tion with machine tools, equipped with elec 
tro-magnetic clutch controlled feeds for 
moving the tracer and cutting tool in a single 
plane in four directions, that is, direct and 
reverse feed along lines at right angles to 
each other. In machines of this type, the 
tracer is preferably mounted on a carriage 
or support in parallel relation with a rotat 
ing cutter; and the tracer is adapted to fol 
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low the profile edge of a pattern or template, 
while the cutter operates on the work to re 
produce the outline or contour of the pat 
tern. A contouring tracer operating in con 
junction with magnetic clutches for direct 
and reverse feed in two rectilinear directions 
at right angles, wherein direct and reverse 
feed contacts are mounted on a rotatable 
head, and wherein the feed control is adapt 
ed to be changed as the tracer is kept in con 
tact with and follows the profile edge of the 
pattern by rotation of the contact carrying 
head, is shown and described in the patent 
of John C. Shaw, No. 1683,581 of September 
4, 1928, for electrical operation and control 
of machine tools. In previous forms of con 
touring tracers, however, electrical and/or 
mechanical interlocks have been employed in 
connection with a rotating head carrying 
contacts for direct and reverse feeds, angu 
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larly positioned by rotation of the heads, and 
while satisfactory operating results have 
been obtained with the rotating head type of 
contouring tracers, it has been found pref 
erable to eliminate the interlock devices and 
simplify the construction. The object, there 
fore, of the present improvement is to pro 
vide a contouring tracer, wherein four op 
positely disposed contacts are mounted in the 
same plane 90° apart, about a common center 
coinciding substantially with the axis of the 
tracer, and the tracer, preferably mounted 
for universal movement, is provided with 
corresponding contacts for completing cir 
cuits through the relatively fixed contacts 
for controlling direct and reverse feed in two 
rectilinear directions at right angles and in 
the same plane. In view of the fact that four 
magnetic clutches are provided for direct 

and reverse feed the feeds may be referred to 
as in four directions, that is, up and down 
and right and left, or they may be referred to 
by the cardinal points, north (N), south, (S), 
east (E) and west (W). In contouring 
tracer control of machine tools, it is obvious 
that feed in a single plane at any one time 
is limited to two directions, either up (N) or 
down (S) and toward the right E) or to 
the left (W), and that when two of the feeds 
are in operation at the same time, the direc 
tion of motion will be 45° between them, if, 
as is preferable, the rate of feed is the same 
in the two. rectangular directions. Since, in 
following a profile pattern, the direction of 
motion will swing around the circle, a fur 
ther object of our improvement is to provide 
means for successively selecting the direc 
tions of feed motion by closing the corre 
sponding tracer carried contacts on the de 
sired relatively fixed contacts, which will 
represent the two directions of motion that, 
operating simultaneously or alternately will 
give the desired resultant and permit the 
tracer to follow the edge of the pattern or 
template while controlling and under the di 
rection of the feeding means. In order to 
urge the closing of two contacts in adjacent 
quadrants NE, SE, SW, NW, a suitable 
spring or resilient member is preferably ro 
tatably connected to the end of the tracer 
spindle, and in order to predetermine the di 
rection of motion the opposite end of the 
spring is supported so that, by rotating the 
spring or resilient member, its direction of 
action may be changed so as to urge the con 
tacts on the end of the tracer into closing 
relation with any two of the four fixed con 
tacts. It will be understood that at no time 
can more than two contacts in adjacent quad 
rants of the four fixed contacts be closed by 
action of the resilient member on the cor 
responding tracer contacts, but by providing 
360° of rotation for the resilient member, the 
line of action thereby may be changed so as 
to direct the tracer in following or making a 
complete circuit about the profile edge of 
the pattern or template. The preferred 
form of the present improvement is shown 
in the accompanying drawings, in which Fig. 
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1 is a vertical longitudinal section of the con 
touring tracer; Fig. 2 is a vertical transverse 
section on the line 2-2 of Fig. 1: Fig. 3 is a 
front elevation, looking toward the right in 
Fig. 1, with parts broken away to expose cer 
tain features; Figs. 4 and 5 are detail views 
of the tracer contact carrying block; Figs. 
6, 7 and 8 are detail views of a slide block, 
cooperating with the tracer contact carrying 
block to provide rectilinear motions for the 
latter; Fig. 9 is a wiring diagram, showing 
a front view of the tracer and representing 
the relays and magnetic clutches diagram 
matically, and Figs. 10 to 18 inclusive are 
diagrams for illustrating the operation of 
the contouring tracer. 

Referring to the 'drawings, it will be seen 
that the tracer comprises a body portion 1, 
which, in the present instance, is cylindrical 
and tubular and provided at 2 with a hemi 
spherical socket bearing, held in place by a 
screw threaded thimble 3. The tracer point 
or head 4 is preferably mounted on the end 
of a spindle 5, carrying a hemispherical bear 
ing 6 cooperating with the bearing socket 2, 
to provide universal wobbling movement for 
the tracer point 4. The tracer point 4 is pref 
erably formed or mounted upon a conical 
member 7, which is clamped or secured to the 
end of the tracer by a screw threaded clamp 
ing nut 8, so that tracer points of different 
diameters or shapes may be readily attached 
to the spindle 5. The opposite or front end 
of the tracer body is provided with a head 9 
screw-threaded to the cylindrical portion 1 
at 10 and held in proper relation thereto by 
means of a set screw 11. The front end 12 of 
the tracer spindle 5, beyond the bearing 2-6, 
is of smaller diameter and extends forward 
into the head 9 and through an opening 13 
therein, as will be seen in Fig. 1. In order 
to provide for properly balancing the tracer 
spindle 5-12, particularly when different 
tracer points are to be employed, a suitable 
counterweight or spring is adapted to co 
operate therewith. In the present instance it 
is found preferable to provide a slidable up 
wardly thrusting plug 14, engaging the un 
derside of the forward end 12 of the spin 
dle, and resiliently supporting it, by means 
of a spring 15, the tension of which may be 
adjusted by means of a thumb screw 16, as 
will be seen in Fig. 1. This balancing ar 
rangement is mounted in a tubular support 
ing member 17, screw-threaded into the un 
derside of the tracer body portion 1; a lock 
nut 18 being provided for retaining any ad 
justment of the thumb screw 16. The front 
of the tracer head 9 is provided with a for 
wardly projecting annular extension 19, lo 
cated concentrically of the axis of the cylin 
drical body portion 1 which, it will be under 
stood, coincides with the axis of the tracer 
spindle 5-12. To provide fixed contacts in 
opposite quadrants about the end of the 
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tracer spindle, as will be seen in Figs. 3 and 
9, the annular tracer head extension 19 is 
preferably provided with four oppositely 
disposed thumb screws 20, carrying the con 
tacts 21 (S), 22 (N), 23 (E) and 24 (W) respectively. The adjusting screws 20, car 
rying the contacts 21 to 24 inclusive, are 
preferably threaded through tubular nuts or 
thimbles 25 mounted in insulation bushings 
26, the thimbles 25 being secured in place by 
nuts 27, which are utilized for connecting the 
respective contacts in the circuits of relays 
controlling magnetic clutches for direct and 
reverse feed, as shown in Fig. 9, and more 
particularly described hereinafter. As pre 
viously indicated, the fixed contacts 21 to 24 
inclusive" are preferably indicated with 
points of the compass letters N, S, E and W, 
representing motion up and down and to the 
right and left. In mounting the improved 
contouring tracer on the carriage with the 
rotatable cutter, it is preferable that the con 
tacts 21 and 22, representing up (N) and 
down (S) motion should lie in a vertical 
plane passing through the axis of the tracer 
and the axis of the rotatable cutter. In this 
position, the other contacts 23 and 24 will lie 
in a horizontal plane and represent motion to 
the right (E) and to the left (W), this ar 
rangement being shown in Fig. 9 of the 
drawings. At this point, attention is called 
to the fact that the position of the letters N, S, E and W on Fig. 9 of the drawings, 
and as indicated around the tracer head, are 
reversed from the ordinary compass posi 
tions and this is accounted for because motion 
of the carriage carrying the tracer and cut 
ter will cause the tracer point 4 to be moved 
in the opposite direction when engaging the 
edge of the pattern or model, thereby moving 
the front end (12) of the tracer to break the 
contact and stop the feed motion. For clos 
ing the relay circuits controlling four mag 
netic clutches for operating the respective 
feeds, suitable contacts are mounted on the 
front end 12 of the tracer spindle, the latter, 
in the present instance, being provided with 
a further extension 28, projecting forward 
beyond the opening 13 in the tracer head 19, 
and provided with an annular bearing flange 
or bead 29, cooperating with and fitting 
closely within a central bore 30, in a tracer 
contact carrying block 31, preferably provid 
ed with four radially disposed equally 
spaced contacts 32, 33,34 and 35 for cooper 
ation respectively with the four relatively 
fixed cardinal point contacts 21 to 24 inclu 
sive. The contact circuits are completed by 
grounding through the tracer spindle to the 
machine in the usual manner, this grounding 
connection being indicated (at 68) in Fig. 9. 
As just described, it has been found prefer 
able to provide four tracer contacts, 32 to 35 
inclusive, on the inner end of the tracer spin 
dle and, furthermore, to provide for rectilin 
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ear movement thereof in the four directions 
required for cooperation respectively with 
the four contacts 21 to 24 inclusive. For 
movement of the tracer contacts, so that the 
engaging faces of contacts are always paral 
lel, the block 31, carrying the contacts 32 to 
35 inclusive, is, in the present instance. 
mounted for rectilinear sliding movement in 
the plane of the four fixed contacts 21 to 24 
inclusive. For this purpose, as will be seen 
in Figs. 4 and 5, the rear face of the con 
tact carrying block 31 is provided with a key 
slot or groove 36, slidably fitting on a key or 
tongue 37 projecting outward from an auxil 
iary slidable block 38, the key or tongue 37 
preferably extending vertically, that is, 
parallel to a diametrical line between the N 
and S contacts, as will be seen in Figs. 1, 6 
and 7. The auxiliary slidable block 38 is 
mounted back of the contact carrying block 
31 and is provided with a central opening or 
hole 39, through which the reduced end 28 of 
the tracer spindle passes, the hole 39, how 
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ever, being large enough to permit the bear 
ing ring 29 to pass through and permit the 
slidable block 38 a sufficient amount of lateral 
movement without engaging the neck 28 of 
the spindle. The opposite or rear face of the 
auxiliary slide block 38 is provided with a 
tongue or key 40, located in a plane at right 
angles to the tongue or key 37 and adapted 
to slidably engage a horizontally disposed 
(parallel to a diametrical line between the 
E and W contacts) key slot or groove 41 in 
the face of the disc-like partition 42 of the 
head 9, as will be seen more particularly in 
Figs. 1 and 3. It will be seen that this tongue 
and groove mounting of the contact carrying 
block 31 provides for rectilinear reciprocat 
ing movement of the contacts 32, 33, 34 and 
35 toward and from the corresponding fixed 
contacts 21, 22, 23 and 24. In order to hold 
the contact carrying block 31 in the plane of 
the fixed contacts 21 to 24 inclusive, any suit 
able means may be employed but preferably 
radially extending pins 43 project from op 
posite points across the front face of the con: 
tact block 31, as will be seen in Figs. 1 and 
3. The pins 43, as here shown, are screw 
threaded through the annular portion 19 of 
the tracer head and provided with knurled 
heads 44, enabling them to be withdrawn, 
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when it is desired to remove the contact car 
rying block 31. Obviously, by having the 
fixed contacts 21, 22, 23 and 24 arranged in 
a plane at right angles to the axis of the 
tracer spindle and 90° apart, not more than 
two of the contacts and these in adjacent 
quadrants, can be closed, by engagement 
therewith of corresponding tracer contacts 
32, 33, 34 and 35. Furthermore, in order to 
determine or preselect the two contacts (NE, 
NW, SE, SW) that are to be closed and 

65 thereby determine the resultant motion or 
directions offeed movement, the front end 28 
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of the tracer spindle, carrying the contact 
block 31 is adapted to be resiliently urged 
in a direction opposite the resultant direc 
tion it is desired that the carriage or slide 
carrying the tracer and cutter should be 
moved by the magnetic clutch feed devices, 
so that engagement of the tracer point 4 with 
the edge of the template or pattern will ex 
ert pressure in opposition to the resilient 
member to open or break the contacts. For 
this purpose, a pivotal screw 46 is preferably 
inserted in and extends in an axial direction 
outward from the end 28 of the tracer spin 
dle, and is provided with an annular notch 
47, in which the end of a link 48 may rotate, 
the link being connected to a spring 49, as 
will be seen in Fig. 1. As previously indi 
cated, it is desirable to provide for changing 
the direction of pull or line of action of the 
spring 49, in order to preselect the two adja 
cent fixed contacts, 21 to 24 inclusive, that are 
to be closed, and thereby determine the di 
rections of motion of the cutter and tracer. 
In order that this may be readily accom 
plished, the outer end 50 of the spring 49 is 
hooked over a stud 51, screw-threaded or 
otherwise mounted in the outer edge of an 
annular flat ring 52, which, as will be seen 
in Fig. 1, is mounted on the turned down 
outer end of the annular portion 19 of the 
tracer head, the ring 52 being rotatably held 
in position by an annular bearing plate 53, 
secured to the head by suitable screws 54. 
According to this arrangement, the ring 52 is 
concentric of the axis of the tracer and may 
be rotated by means of a knob or handle 55, 
preferably located diametrically opposite the 
stud 51, so that the angular position of the 
spring 49 may be changed. In this manner 
the direction of pull or line of action of the 
srring may be changed so that it will tend to 
close the corresponding tracer contacts on any 
two selected adjacent fixed contacts 21, 22, 
23 and 24. The knob or handle 55, for rotat 
ing the spring 49, being located diametrical 
ly opposite the pin 51, is adapted, with the 
spring, to serve as a direction indicator, that 
is, showing the line of action of the spring, 
and approximately the direction of the re 
sultant feed movement of the carriage, such 
as would occur normally when the two ad 
jacent selected contacts are closed. The con 
touring tracer. as will be seen from the Shaw 
specification, hereinbefore referred to, is 
adapted to be mounted on a carriage, which 
also carries the rotating cutter, so that the 
tracer and cutter are movable in four rec 
tangular directions in the same plane that is 
up, down, right and left, the feed motions be 
ing controlled by two pairs of magnetic 
clutches 56 and 5; the latter being indicated 
diagrammatically in Fig. 9 of the drawings, 
which represents a diagram of the electrical 
connections. The magnetic clutches 56 and 
57 are adapted to be energized by relatively 
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high potential main line current, such as 
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the 110 volt circuit 58 and 59, the lead 59 pass 
ing through relay armatures 60 and 61 and 
leads 62 and 63 to the respective magnetic 
clutches 56, (N and S) for up and down mo 
tion, and through leads 64 and 65 to mag 
netic clutches 57 (E and W) for right and 
left motion, and back through the main line 
lead 58. It is preferable to utilize lower po 
tential current through the tracer operated 
contacts 21 to 24 inclusive, and this lower po 
tential or 14 volt circuit may be taken from 
a generator 66, one side of which is ground 
ed at 67, to complete the circuit through the 
frame of the machine and a ground connec 
tion of the tracer, as indicated at 68. The 
other side of the generator 66 is connected 
by lead 69 with relay magnets 70 and 71, 
marked E and W and N and S respectively; 
the relay magnets 71, N and S being adapt 
ed to operate on the armature 61 to close the 
higher potential circuit through one or the 
other of the leads 62, 63 to energize one of 
the magnetic clutches 56, (N or S); while the 
relay magnets 70, E and W, operate arma 
ture 60 to close high potential circuits 
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through lead 64 or 65 to the magnetic 
clutches 57 (E or W). The relays 70 and 71 
are double acting, that is, the respective 
armatures 60 and 61 normally stand midway 
between the relay magnets and are resilient 
ly held in the central positions by suitable 
springs 72 and 73 so that normally, the mag 
netic clutch circuits are open, but by ener 
gizing one or the other of the relay magnets 
E. W., N, S, the corresponding magnetic 
clutch is energized for feed in the corre 
sponding direction. The lower potential cir 
cuits from the relay magnets 70 and 71 are 
completed through lead 74 to contact S-21, 
through lead 75 to contact N-22; through 
lead 76 to contact E-23, and through lead 
77 to contact W-24. As shown in Fig. 9, the 
contact closing spring 49 lies midway be 
tween contacts 22 and 24, N and W, which 
are the two closed contacts determining the 
directions of motion, but the handle 55 for 
rotating the spring, pointing to NW, lies 
midway between the contact screws E and S. 
The effect of the spring 49 in this position is 
to close contacts 35-24 and 33-22, so that 
the respective relays W and N will be ener 
gized to thereby move armature 60 to close 
the circuit 64 to the magnetic clutch 57. 
marked W, for feed to the left or west and 
to draw armature 61 over to close circuit 63 
to the N magnetic clutch 56, for north or up 
feed. As previously indicated, if the rate of 
feed for all the magnetic clutches is the same, 
the resultant motion. in the position shown 
in Fig. 9, will be northwest, as indicated by 
the position of the handle 55 opposite the 
indicating letters NW. In order to illus 
trate the operation, attention is called to the 
diagrammatic views in Figs. 10 to 18 inclu 
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sive. In Figs. 10 to 17 inclusive, successive 
steps are represented as the tracer follows 
around the outer periphery or profile edge of 
a simple pattern or model, the tracer point 
being represented by the circle 4. A dia 
gram of the tracer head is shown and the 
position of the handle 55 and of the corre 
sponding contacts closed by the spring 49 
represented diagrammatically in association 
with the model. In starting the operation, 
as will be seen by reference to Fig. 10, the 
direction of motion of the tracer (and also of 
the cutter, for both are on the same carriage) 
will be up and to the right or northeast, ac 
cording to the position of the handle 55, that 
is, opposite position NE, and this motion will 
continue, as indicated by the arrow asso 
ciated with the circle 4, until the point of 
the tracer (circle 4 without arrow) engages 
the edge of the model. When this occurs, 
the lower contact 22-33 (N) controlling up 
or north feed will be broken, and the con 
tact 23-34 (E) will remain closed, so that 
motion will be to the right or east along the 
lower edge of the model. When the tracer 
point 4 (moving to the right) reaches the 
beginning of the curved end of the model, the pressure against the tracer holding open the 
north contact will be relieved and north or 
up motion will thereafter alternate with mo 
tion to the right, while following around the 
curved end of the model, as shown in Fig.11. 
In order that the line of action of the spring 
49 may be more effective in keeping the tracer 
4 on the edge of the model, the knob 55 is 
preferably gradually moved counterclock 
wise to the position shown in Fig. 11. The 
resultant direction with the knob 55 any 
where in the northeast (NE) quadrant, as 
shown in Figs. 10 and 11, will be northeast, 
but when the tracer point reaches a position, 
in which the northeast direction is tangent to 
the curve of the model, (arrow circle 4 in 
Fig. 13,) the knob 55 should be turned into 
the northwest (NW) quadrant, as shown in 
Fig. 12, for otherwise the tracer will pass off 
at a tangent, as shown in Fig. 13. However, 
when the knob 55 is turned to the northwest 
(NW) quadrant, the N and W contacts will 
be alternately opened and closed as the tracer 
4 works its way around the upper portion of 
the curved end of the model. During the 
latter operation, the knob 55 may be grad 
ually turned over the quadrant NW, as in 
dicated in Fig. 14. When the tracer 4 reaches 
the 45° position shown in Fig. 14, the north 
west or resultant motion becomes tangent to 
the curve of the model, but then the knob 
55 should be turned down nearly west so that 
the spring 49 will keep the tracer in contact 
with the model. As the tracer passes off the 
curve the handle 55 should be moved into 
the SW or southwest quadrant, as shown in 
Fig. 15. In the latter position, the south 
feed contacts will be completely broken and 
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the west feed will continue until the end of 
the horizontal upper edge of the model is 
reached (Fig. 16). The knob or handle 55 
should then be rotated further counterclock 
wise to the position shown in Fig. 16 and 
then the tracer 4 will move down or south 
along the left edge of the model, while the 
east contacts will be broken. Upon reach 
ing the lower left corner, (lower circle 4 in 
Fig. 16), the knob 55 should be turned into 
the northeast quadrant NE, as shown in 
Fig. 17, after which the tracer 4 will follow 
along the lower edge of the model, moving 
to the right or east, while up or N feed con 
tacts are held open, thus completing the cir 
cuit of the model and bringing the tracer 
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back to the starting position shown in Fig. 
10. It will be understood that the contour 
ing tracer may be used for reproducing from 
either outside or inside profile edges, and in 
Fig. 18 there is illustrated an inner profile 
model, with the tracer 4, following along the 
lower inner edge and moving toward the left, 
as indicated by the arrow head. For obtain 
ing motion toward the left, the knob.55 is 
turned to the SW position and remains in 
that position until the tracer reaches the left 
inner corner of the model. During this time 
the south feed will be broken, while the west 
of left feed will continue. It will be under 
stood from the description for the outside 
contour operation, that by rotating the knob 
55 counterclockwise the tracer 4 can be di 
rected to follow around the inner profile edge 
of the model in Fig. 18; and the description 
need not be repeated. While the preferred 
form of the improved contouring tracer has 
been shown and described, it will be under 
stood that it is not limited to the details of 
construction shown, for various modifica 
tions therein and in the connections and ar 
rangements may be made without departing 
from the spirit and scope of the invention. 
We claim:- 
1. A contouring tracer comprising a body 

portion, a tracer supported thereby for uni 
versal lateral movement, four fixed con 
tacts mounted on the body portion con 
centrically of the tracer and 90° apart, elec 
trical circuits from the respective fixed con 
tacts for controlling the motion of the tracer 
and tool in four rectangular directions in the 
same plane, four movable contacts mounted 
for movement with the tracer for coopera 
tion with the respective fixed contacts for 
closing and opening said circuits, means for 
urging two adjacent movable contacts toward 
closing on the corresponding fixed contacts, 
and means for selecting the two movable 
contacts to be urged toward closing. 

2. The contouring tracer as in claim 1, 
wherein a radially acting resilient member 
urges the adjacent movable contacts toward 
closing and means for rotating said resilient 
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members permits selecting the movable con 
tacts to be urged toward closing. 

3. A contouring tracer comprising a body 
portion, a tracer on a spindle pivotally sup 
ported in said body portion for universal lat 
eral movement, four fixed contacts mounted 
90° apart on the body portion concentrically 
of said tracer spindle, electrical circuits from 
the respective fixed contacts for controlling 
the motion of the tracer and tool in four 
directions, a corresponding number of mov 
able contacts mounted on said tracer spindle 
for cooperation with the respective fixed 
contacts for closing said circuits, means for 
urging two adjacent movable contacts to 
ward closing and for resiliently holding them 
in engagement with the corresponding fixed 
contacts and means for directing the line 
of action of said resilient means to determine 
which of the movable contacts are to be urged 
toward closing on the corresponding fixed 
cgntacts. 

4. The contouring tracer as in claim 3, 
wherein said resilient means for the movable 
contacts comprise a helical spring having 
one end rotatably supported on the end 
of the tracer spindle and its other end su 
ported for rotation concentrically of the 
Ele to vary the radial line of action of 
the spring. v . 

5. The contouring tracer as in claim 3, 
wherein the movable contacts are mounted on 
the tracer spindle for rectilinear movement 
in four directions at right angles to each other 

he same plane, such as up, down, right and 
eft. 
6. A contouring tracer comprising a tracer, 

four fixed contacts mounted 90° apart cir. cumferentially of the tracer and radially 
equidistant therefrom, electrical circuits 
from the respective fixed contacts for con 
trolling the motion of the tracer and tool in 
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four directions, four movable contacts sup- - 
ported on a member movable in the plane 
of the fixed contacts for closing said circuits, 
a tracer spindle adapted to move said mov. 
able contact member to open and close the 
respective circuits and a rotatable member 
for selectively urging toward closing two 
adjacent movable contacts with two corre 
sponding fixed contacts. 

7. A contouring tracer comprising a tracer 
on a universally movable tracer spindle, four 
circumferentially and radially fixed contacts, 
located in opposite quadrants and equally 
spaced angularly and radially of the tracer 
Spindle, electrical circuits from the respective 
fixed contacts for controlling feed of the 
tracer and tool in four rectangular direc 
tions, four movable contacts, a universally 
movable member supporting said movable 
contacts for cooperation with the four fixed 
contacts, said universally movable member 
being adapted to be moved to make and break 
the respective circuits by lateral movement of 
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said tracer, a resilient member for urging 
contacts on the universally movable member 
toward closing with the corresponding fixed 
contacts, the quadrant arrangement being 
adapted to permit only the closing of the 
contacts in two adjacent quadrants at a time, 
and means for rotating said resillent mem 
ber to determine which of the contacts are 
to be urged toward closing. 

8. The contouring tracer as in claim 7, 
wherein said universally movable contact 
carrying member is mounted for rectilinear 
movement toward and from the respective 
fixed contacts and is controlled in its move 
ments by being mounted on the end of the 
universally movable tracer spindle. 

9. The contouring tracer as in claim 7, 
wherein the four fixed contacts are mounted 
upon an annular support concentrically of 
the tracer spindle and means is provided for 
adjusting the respective fixed contacts radi 
ally of said support for regulating the gap 
between the fixed and movable contacts. 

10. The contouring tracer as in claim 7, 
wherein said universally movable contact car 
rying member comprises a block carrying 
the four contacts mounted for movement to 
ward and from the respective fixed contacts 
in the plane of the latter, the directions of 
movement of the movable contact carrying 
member for opening and closing the respec 
tive contacts being substantially rectilinear 
so as to parallel the directions of motion of 
the feeds controlled. 

11. A contouring tracer comprising a body 
portion, a tracer mounted on a spindle Sup 
ported in said body portion for universallat 
eral movement, four circumferentially fixed 
contacts mounted on the body portion in a 
plane at right angles to the axis of the tracer 
spindle, said contacts being located radial 
ly equidistant from and spaced 90° apart 
around one end of said spindle, means for 
adjusting said contacts radially for properly 
locating them relative to the axis of said 
spindle, four movable contacts mounted on 
the end of said spindle and movable there 
with in the plane of the fixed contacts, elec 
trical circuits connected with the fixed con 
tacts and adapted to be closed when the lat 
ter are engaged by the respective movable 
contacts for controlling the feed of the tracer 
and tool in four directions, the 90° spacing of 
the contacts allowing but two of the movable 
contacts to be closed on the corresponding 
two fixed contacts at a time, a resilient mem 
ber for urging said movable contacts toward 
closing on the corresponding fixed contacts 
and means for varying the direction of ac 
tion of said resilient member to predeter 
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mine which two of the movable contacts will 
be urged toward closing with the fixed con 
tacts. 

12. The contouring tracer as in claim 11, 
wherein the four movable contacts carried 
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on the end of the tracer spindle are mounted 
for rectilinear movement toward and from 
the respective fixed contacts, the tracer be 
ing supported so that said rectilinear move 
ment of the movable contacts take place sub 
stantially parallel with the four directions 
of feed motion, and means for preventing 
relative rotation between the fixed and mov 
able contacts. 

13. The contouring tracer as in claim 11, 
wherein the movable contacts on the end of 
the tracer spindle comprise four contacts 
mounted 90° apart around a block slidably 
mounted for toward and from rectilinear 
movements relative to the fixed contacts in 
the plane thereof, the tracer spindle bein 
adapted to effect the respective toward an 
from movements by sliding the block. 

14. The contouring tracer as in claim 11, 
wherein the movable contacts comprise four 
contacts mounted 90° apart around a block 
at the end of said spindle and having tongue 
and groove sliding connection with a second 
block, the second block having tongue and 
groove sliding connection with said body 
portion, the tongue and groove sliding con 
nections being at right angles to each other 
and parallel to the lines of radial adjustment 
of the respective fixed contacts. 
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